Immunotherapy is a promising therapeutic option for patients with non-small cell lung cancer (NSCLC) who do not qualify for surgery. In patients with advanced NSCLC, systemic immune suppression is frequently observed, therefore, researchers are investigating the tumor microenvironment for less invasive and more effective methods of treating lung cancer. Monocytic myeloid-derived suppressor cells (Mo-MDSCs) are potent suppressors of tumor immunity; therefore, this population may significantly impede the application of immunotherapy to treat cancer. The present study evaluated the distribution of Mo-MDSCs and monocytes/macrophages in the peripheral blood, lymph nodes and tumor tissue of patients with NSCLC. Furthermore, the profiles of cytokines produced by these cell populations, including interleukin (IL)-1β, IL-12/23p40, IL-10, transforming growth factor-β (TGF-β) and tumor necrosis factor (TNF), were compared. The cell populations and the expression of cytokines were assessed by flow cytometry after 4 h in culture with mitogens and Brefeldin A. Mo-MDSCs were more numerous than monocytes/macrophages in all tissues and their prevalence was highest in the peripheral blood; they expressed higher levels of TGF-β than monocytes/macrophages in all tissues and expression of TGF-β produced by Mo-MDSCs was higher in the blood than in lymph nodes and tumor tissues. A higher percentage of monocytes/macrophages was observed in lymph nodes and tumor tissues than in blood. CD14 + HLA-DR + cells also produced more IL-10 in lymph nodes than Mo-MDSCs and more IL-1β and TNF in all tissues. A higher prevalence of cluster of differentiation 14 + human leukocyte antigen-D related + cells secreting IL-1β, TNF and IL-12/23p40 was observed in peripheral blood. Thus, the results of the current study support the statement that Mo-MDSCs and monocytes/macrophages participate in NSCLC induced immunosuppression, and is consistent with previous research into associations between the TGF-β signaling pathway and tumor cell invasion, motility and metastasis. The study also demonstrated that Mo-MDSCs promote tumor growth through their immunosuppressive activity. In addition, the profile of cytokines expressed by monocytes/macrophages suggests that this cell population may be associated with metastasis formation and angiogenesis promotion in patients with NSCLC.
Introduction
Lung cancer is one of the most prevalent types of cancer among women and men worldwide (1) . Non-small cell lung cancer (NSCLC) accounts for >85% of all cases of lung cancer. NSCLC is primarily treated by surgery (2) , however, patients diagnosed in the advanced stages of the disease often may not qualify for surgery. In such cases, immunotherapy may be a promising therapeutic strategy. Although, systemic immune suppression is frequently observed in patients with advanced NSCLC (3) . Therefore, researchers are investigating the tumor microenvironment with the aim of making lung cancer treatment less invasive and more effective.
A number of studies have demonstrated that myeloid-origin cells are potent suppressors of tumor immunity, therefore this cell population may significantly impede the application of immunotherapy in cancer (4) (5) (6) (7) . Researchers have endeavored to determine the best possible phenotype of myeloid-derived suppressor cells (MDSCs) (8, 9) . Identification of characteristic surface markers of this population is complicated, particularly due to its high plasticity and effect on the tumor microenvironment (9) . With regards to murine models, the most universal is a combination of Gr-1 protein isoforms and cluster of differentiation (CD) 11b (10, 11) . However, the Gr-1 molecule is not expressed in human MDSCs (12) , and researchers must therefore search for a different characteristic surface marker.
Human MDSCs are divided into granulocytic and monocytic (Mo) populations (13) . The first group of cells has been described as CD14 -CD11b + CD33 + CD15 + and the second group as CD14 + human leukocyte antigen-D related (HLA-DR) -/low (13) . The absence or low expression of HLA-DR is characteristic in Mo-MDSCs, thus the CD14 + HLA-DR -/low phenotype has been used in studies concerning the identification of Mo-MDSCs in NSCLC (5, 14) .
Several immunosuppressive functions of MDSCs have been suggested, including the inhibition of dendritic cell differentiation and natural killer cell cytotoxicity, inhibition of T-cell (CD8 + and CD4 + ) activation, B-cell impairment and promotion of regulatory T-cell (Treg) expansion. Furthermore, MDSCs may be involved in the promotion of metastasis and angiogenesis (15, 16) . The presence of MDSCs was confirmed in several forms of cancer, including prostate cancer, glioblastoma, hepatocellular carcinoma, melanoma, squamous cell carcinoma of the head and neck, and NSCLC (5, 12, 17, 18) . However, the phenotype and function of MDSCs in NSCLC requires further clarification.
The present study evaluated the distribution of Mo-MDSCs (CD14 + HLA-DR -/low) and monocytes/macrophages (CD14 + HLA-DR + ) in peripheral blood, lymph nodes and tumor tissue of patients with NSCLC. Furthermore, the profiles of cytokines produced by Mo-MDSCs and monocytes/macrophages were compared in order to investigate their role in NSCLC. The present study focused on interleukin (IL)-1β, IL-10, IL-12/23p40, tumor necrosis factor (TNF) and transforming growth factor-β (TGF-β) as they are frequently present in numerous solid tumors and serve important roles in tumor progression. The data obtained during the study identified statistically significant differences between the expression of Mo-MDSCs and monocytes/macrophages in several tissues and the profiles of cytokines secreted by these cell populations.
Materials and methods
Blood, lymph node and primary tumor samples. Samples were taken from 12 patients with NSCLC, who underwent surgical procedures in the Department of Thoracic Surgery, Independent Public Teaching Hospital No. 4, Medical University of Lublin (Lublin, Poland). Whole blood samples and fragments of lymph nodes and tumor tissue were collected from October 2013 to September 2014. The mean age of patients enrolled in the study was 62.25±8.44 years (range, 48-77 years). Of these 12 patients with histologically confirmed cancer (according to the 7th edition of the Lung Cancer Tumor-Node-Metastasis classification and staging system) (19) , 4 were classified as stage IIIA, 5 as stage IIA, 1 as stage IIB and 2 as stage IA or IB (Table I) . The number of patients studied was small due to the very strict inclusion criteria, which was as follows: Patients were not allowed to have taken any medication with an immunomodulatory effect in the last month, they were not allowed to have a previous medical history of other autoimmune diseases or cancer, and they must not have presented with any signs of inflammation in the last month. All patients underwent thoracotomy performed by the same surgical team. Blood was drawn immediately prior to surgery, while lymph node and tumor samples were obtained during the surgery. From the whole blood samples, peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation (700 x g) for 20 min at 20˚C using Gradisol L (Aqua-Med, Łódź, Poland). Lymph node and tumor samples were cut into small pieces and subsequently homogenized using a gentleMACS™ Dissociator (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Suspensions were subsequently passed through 70 µm mesh strainers and separated cells were washed twice with phosphate-buffered saline (PAA Laboratories; GE Healthcare Life Sciences, Chalfont, UK). The study was approved by the ethics committee of the Medical University of Lublin, and written informed consent was obtained from all patients enrolled in the study.
Cell culture. PBMCs, lymph node and tumor cells were cultured in AIM-V ® medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) for 4 h with the addition of ionomycin, phorbol myristate acetate, lipopolysaccharide and Brefeldin A (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany). Cells were cultured at 37˚C in a humidified atmosphere (95%) with 5% CO 2 .
Flow cytometry. The following f luorochrome-labeled monoclonal antibodies (mAbs), which were purchased from BioLegend, Inc. (San Diego, CA, USA), were used: Phycoerythrin cyanine 7 anti-human CD14 (200 µg/ml; #325618) and Pacific Blue anti-human HLA-DR (200 µg/ml; #307633). In addition, the following monoclonal antibodies conjugated with Alexa Fluor 647 were used: Anti-human IL-1β (50 µg/ml; #508208), anti-human IL-10 (50 µg/ml; #501412), anti-human IL-12/23p40 (25 µg/ml; #501818), anti-human TNF (25 µg/ml; #502916) and anti-human latency-associated peptide (TGF-β1) (400 µg/ml; #341801). Non-specific Fc receptor-mediated antibody binding was blocked with the use of Human TruStain FcX™ (BioLegend, Inc.). Subsequently, PBMCs, lymph node and tumor cells were incubated with anti-CD14 and anti-HLA-DR mAbs in the dark for 20 min at room temperature. Following surface staining, cells were fixed with Fixation Buffer (BioLegend, Inc.) and permeabilized with Intracellular Staining Permeabilization Wash Buffer (BioLegend, Inc.). Intracellular cytokine staining was then performed using anti-IL-1β, anti-IL-10, anti-IL-12/23p40, anti-TNF or anti-TGF-β1 mAbs. Data acquisition and analysis were performed on a BD FACS-Canto™ II Flow Cytometer (BD Biosciences, Franklin Lakes, NJ, USA). Representative examples of cytometric analysis are presented in Fig. 1 . Results were generated using FACSDiva v8.0.1 software (BD Biosciences).
Statistical analysis. Statistical analyses were performed using STATISTICA v10.0 software (StatSoft, Inc., Tulsa, OK, USA). The data collected in the current study did not meet with assumptions of Gaussian distribution, therefore non-parametric tests were used to analyze the results. Differences between particular tissues were determined by the analysis of variance (ANOVA) Friedman test and Kendall's W-normalization of the statistic of the Friedman test followed by post-hoc tests. Comparisons between two variables were prepared with the use of Wilcoxon signed-rank test. Results were presented as the median and interquartile range, and P<0.05 was considered to indicate a statistically significant result.
Results

Distribution of Mo-MDSCs and monocytes/macrophages in the peripheral blood, lymph nodes and tumor tissues.
Using flow cytometry analysis, two cell populations were detected with the following immunophenotypes: CD14 + HLA-DR -/low and CD14 + HLA-DR + . While CD14 + HLA-DR + is characteristic for populations of monocytes/macrophages, in the current study, low expression of major histocompatibility complex class II among CD14 + cells was observed on the surface of the Mo-MDSCs (CD14 + HLA-DR -/low ). The population of Mo-MDSCs was significantly higher than the population of monocytes/macrophages in all tissues (blood, P=0.005; lymph nodes, P=0.025; tumor, P=0.017; Fig. 2 ). The highest percentage of Mo-MDSCs was identified in the peripheral blood and the lowest was in the lymph nodes. According to post-hoc tests, which followed the Friedman ANOVA test, the level of Mo-MDSCs was significantly higher in the blood than the lymph nodes (P=0.001) and tumor tissue (P=0.001). By contrast, the highest percentage of monocytes/macrophages was detected in lymph nodes and the lowest in peripheral blood. The prevalence of monocytes/macrophages in lymph nodes and tumor tissue in comparison with peripheral blood was also statistically significant (P=0.001; Fig. 2 ).
Comparison of prof iles of cytokines produced by
Mo-MDSCs and monocytes/macrophages in the peripheral blood, lymph nodes and tumor tissues. The present study demonstrated that each population, CD14+HLA-DR-/low and CD14+HLA-DR+, produced IL-1β, IL-10, IL-12/23p40, TNF and TGF-β in all examined tissues of patients with NSCLC. However, significant differences between particular tissues were identified in the proportion of Mo-MDSCs and monocytes/macrophages producing these cytokines (Table II) .
The percentage of Mo-MDSCs producing TGF-β was significantly higher in the blood than in other tissues (P=0.001). Peripheral blood was characterized by a higher proportion of monocytes/macrophages producing TGF-β (P=0.002) than lymph nodes, and a higher proportion of monocytes/macrophages producing IL-1β than tumor tissue (P=0.002) (Table II) . The post-hoc test did not identify a significant difference between blood and lymph nodes in the proportion of monocytes/macrophages producing TNF. However, the mean fluorescence intensity (MFI) value for this population producing TNF was significantly higher in blood (P= 0.008; data not shown). No statistically significant differences were observed among the level of Mo-MDSCs and monocytes/macrophages or in the expression of cytokines in the post-hoc tests between lymph nodes and tumor tissue.
Analysis of differences between the levels of cytokines produced by the Mo-MDSCs and monocytes/macrophages in the peripheral blood, lymph nodes and tumor tissues.
In order to analyze the differences between levels of cytokines produced by the Mo-MDSCs and monocytes/macrophages in several tissues, the Wilcoxon signed-rank test was used. A significantly lower proportion of monocytes/macrophages produced TGF-β in the blood (P=0.028), lymph nodes (P=0.015) and tumor tissue (P=0.006) compared with the Mo-MDSCs (Fig. 3 ). Furthermore, in the lymph nodes, a significantly higher proportion of IL-10 was produced by monocytes/macrophages than the Mo-MDSCs (P=0.003; Fig. 4 ). A greater level of IL-1β was produced by the CD14 + HLA-DR + population in comparison with Mo-MDSCs in all tissues, but the only significant result was observed in the blood (P=0.004; Fig. 5A ). Also the MFI value for monocytes/macrophages producing IL-1β in peripheral blood was significantly higher than the MFI value for Mo-MDSCs producing IL-1β (P=0.005; Fig. 5B ). Differences in expression of IL-1β in the tumor and lymph nodes were not significant (lymph nodes P=0.074; tumor P=0.062; Fig. 5C and D, respectively). Statistical analysis demonstrated a higher percentage of monocytes/macrophages producing TNF in peripheral blood and tumor tissue ( Fig. 6A and D, respectively) and a higher MFI value for the mentioned population in the blood and lymph nodes ( Fig. 6B and C, respectively). However, a significant difference was only observed between MFI values measured for monocytes/macrophages and Mo-MDSCs producing TNF in the blood (P=0.008; Fig. 6B ). Data analysis indicated that in lymph nodes and tumor tissue, monocytes/macrophages produced a higher proportion of IL-12/23p40 than Mo-MDSCs (P=0.047 and P=0.041, respectively; Fig. 7 ).
Discussion
Lung cancer is the most prevalent cause of cancer-associated mortality in the world (20) . The most common subtype is NSCLC, which is characterized by poor prognosis and high mortality, particularly in cases that are unsuitable for surgery (1) . A number of treatment options are currently available to treat patients with cancer, however, therapy is often ineffective. A growing body of evidence suggests that cancer initiation and progression depends on the ability of cancer cells to evade host immunosurveillance (21, 22) . Cancer cells regulate and modify immune responses and therefore contribute to an imbalance in type 1 T-helper (Th)/Th2 responses (21) and the enhancement of immunosuppressive cells, including Treg cells (23), tumor associated macrophages (24), type 2 natural killer T-cells (25) and myeloid-derived suppressor cells (26) . Therapeutic strategies targeting these cell populations are emerging (27) (28) (29) (30) (31) and may benefit patients in the future. However, prior to the therapeutic exploitation of these cell populations, it is important to evaluate their role and interactions in the tumor microenvironment. The current study therefore aimed to investigate the distribution of Mo-MDSCs and monocytes/macrophages in NSCLC tissues, and additionally assess and compare the profiles of cytokines produced by these cell populations. To the best of our knowledge, this is the first study to examine the distribution of Mo-MDSCs and monocytes/macrophages simultaneously in the peripheral blood, tumor tissues and lymph nodes of patients with NSCLC.
In the present study, Mo-MDSCs and monocytes/macrophages were detected in all examined tissues. Mo-MDSCs were more abundant than monocytes/macrophages throughout all tissues, particularly in peripheral blood. Vetsika et al (15) previously identified an inverse correlation between CD14 + HLA-DR -/low and CD14 + HLA-DR + cells in the peripheral blood of patients with NSCLC. This suggests that CD14 + HLA-DR + cells are effector cells, which are responsible for activating T lymphocytes (15) . However, Feng et al (32) demonstrated that in patients with NSCLC, the mixture of CD14 + HLA-DR -/low cells and CD14 + HLA-DR + cells resulted in a more powerful suppressive activity on T-cells than the CD14 + HLA-DR -/low population alone (32) . The immunosuppressive activity of Mo-MDSCs and CD14 + HLA-DR + cells was confirmed in multiple myeloma (33) . By contrast, Schilling et al (14) demonstrated that CD14 + HLA-DR + cells did not exhibit suppressive properties in melanoma.
In the present study, it was observed that monocytes/macrophages were significantly more prevalent in the lymph nodes and tumor tissues than in blood. This result supports the statement that Mo-MDSCs may differentiate into monocytes/macrophages in the tumor microenvironment (34) . This process may be regulated by hypoxia inducible factor 1α, which is induced in the tumor microenvironment by hypoxia (34, 35) . Table II . Percentage of cells expressing cytokines in the peripheral blood, lymph nodes and tumor tissue.
Peripheral blood
Lymph nodes Tumor tissue Difference between median of Mo-MDSCs producing TGF-β in peripheral blood and lymph nodes (P=0.001); b difference between median of Mo-MDSCs producing TGF-β in peripheral blood and tumor tissue (P=0.001); c difference between median of monocytes/macrophages producing TGF-β in peripheral blood and lymph nodes (P=0.002); d difference between median of monocytes/macrophages producing IL-1β in peripheral blood and tumor tissue (P=0.002). Mo-MDSCs, monocytic myeloid-derived suppressor cells; IQR, interquartile range; IL, interleukin; TNF, tumor necrosis factor; TGF, transforming growth factor. TGF-β may stimulate tumor progression in advanced stages of tumorigenesis, and is described as an immunosuppression and angiogenesis promoter in the tumor microenvironment (36) . Beury et al (37) and De Keersmaecker et al (33) reported that TGF-β is produced by Mo-MDSCs and monocytes/macrophages in the peripheral blood. However, it may be necessary to closely analyze the cross-talk and differences between MDSCs and monocytes/macrophages, and investigate the distribution of TGF-β in the tissues of patients with cancer. At the protein level, FACS data obtained during the present study indicated a significantly higher number of Mo-MDSCs producing TGF-β in all tissues. However, a previous study by Huang et al (5) did not observe any differences in the transcription of this cytokine between Mo-MDSCs and CD14 + HLA-DR + cells in the peripheral blood of patients with NSCLC.
The presence of IL-10 has been confirmed in various types of cancer, including B-cell non-Hodgkin lymphoma (NHL), prostate cancer, melanoma, squamous cell carcinoma of the head and neck, hepatocellular carcinoma, multiple myeloma, glioblastoma and bladder carcinoma (5, (38) (39) (40) . According to Feng et al (32) , IL-10 is responsible for upregulating arginase 1 and therefore inhibits T-cell activation in patients with NSCLC. Furthermore, Xiu et al (40) demonstrated that IL-10 is responsible for the development of Mo-MDSCs in B-cell NHL. Elevated production of IL-10 by macrophages associated with the tumor microenvironment correlates with poor prognosis, stage of disease, tumor size and lymph node metastasis (38, 41) . This correlation was confirmed in patients with NSCLC (42, 43) . However, there was no clear division of cells into CD14 + HLA-DR -/low and HLA-DR + populations in the aforementioned studies. The results of the current study demonstrated that Mo-MDSCs and monocytes/macrophages produced IL-10 in all examined tissues of patients with NSCLC. Furthermore, a significantly higher proportion of monocytes/macrophages producing IL-10 than Mo-MDSCs were observed in lymph nodes; this is important as lymph nodes are sites of lymphocyte activation and immune response induction.
According to the results of the present study, monocytes/macrophages have the ability to produce higher levels of IL-1β, TNF and IL-12/23p40 than Mo-MDSCs. A significantly higher prevalence of CD14 + HLA-DR + producing IL-1β and TNF was observed in peripheral blood and a significantly higher prevalence of CD14 + HLA-DR + cells producing IL-12/23p40 was observed in lymph nodes and tumor tissue. These observations correspond to the cytokine functions: IL-1β and TNF are responsible for generating MDSCs in the bone marrow (44) , and both cytokines have a proangiogenic role in patients with NSCLC (45) . The p40 subunit is common for IL-12 and IL-23, therefore, both cytokines had to be considered in the analysis. IL-12 promotes Th 1 immunity and inhibits angiogenesis in the tumor microenvironment, while IL-23 exhibits tumor-promoting effects (46) . According to the results of research on cross-talk between MDSCs and macrophages in solid tumors, each population produces IL-12 (37, 47) . However, in the current in vitro study, IL-23p40 was not produced. By contrast, Baird et al (48) confirmed the presence of IL-23 in the tumor microenvironment and demonstrated that IL-23 induced proliferation in an NSCLC cell line and promoted proliferation in primary NSCLC tumors (48) . In the present study, a higher prevalence of IL-12/23p40 positive cells in lymph nodes and in tumor tissue was observed. This may be associated with a more aggressive tumor, when the results of Baird et al (48) are considered.
In conclusion, the present study demonstrated that Mo-MDSCs were more abundant than monocytes/macrophages in all NSCLC tissue examined and the highest percentage of Mo-MDSCs was detected in the blood. In all tissues, Mo-MDSCs produced higher levels of TGF-β than CD14 + HLA-DR + cells. Furthermore, the proportion of Mo-MDSCs producing TGF-β was higher in the blood compared with the lymph nodes and tumor tissues. These observations suggest that Mo-MDSCs and monocytes/macrophages participate in NSCLC induced immunosuppression. In addition, higher levels of Mo-MDSCs and TGF-β identified in the blood may correspond with results from previous studies regarding associations between the TGF-β signaling pathway and tumor cell invasion, motility and metastasis, and also with the notion that Mo-MDSCs promote tumor growth through their immunosuppressive activity. Lymph nodes and tumor tissue were characterized by a higher prevalence of monocytes/macrophages than peripheral blood. This population produced significantly more immunosuppressive IL-10 in lymph nodes than Mo-MDSCs. CD14 + HLA-DR + cells secreted more IL-1β and TNF than Mo-MDSCs in all tissues. Furthermore, a higher proportion of monocytes/macrophages producing cytokines was observed in the peripheral blood. This corresponds with the fact that IL-1β and TNF produced by monocytes/macrophages are associated with metastasis formation and angiogenesis promotion. A higher percentage of IL-12/23p40 produced by CD14 + HLA-DR + cells was detected in lymph nodes and in tumor tissue. This molecule may represent IL-23, which promotes proliferation in primary NSCLC tumors. Analyzing the distribution of Mo-MDSCs and monocytes/macrophages in NSCLC tissues and profiling the cytokines they secrete may allow researchers to investigate the role of these populations in the tumor microenvironment and subsequently enable modifications to their functions. In the future, modulating the activities of MDSCs may be a useful additional tool in anticancer therapy. 
